ABSTRACT Environmental conditions and airborne myco£lora were measured concurrently in 10 turkey confinement houses during warm and cold weather. The following variables in the environment were measured: numbers of feed-and litter-associated yeast and mold fungi, temperature, relative humidity, airspeed, carbon dioxide and ammonia concentration, airborne bacteria, and airborne particulate mass, particle number, and particle size distribution. Winter air in turkey confinement houses contained significantly higher concentrations of Aspergillus, Scopulariopsis, and Mucor sp. and significantly lower concentrations of Cladosporium, Fusarium, and Alternaria sp. when compared with summer air. Significantly greater numbers of Mucor sp. were recovered per cubic meter of air where the current turkey flock was present less than 100 d when compared to houses where the current £lock resided 100 d or more. Management decisions regarding control of the internal environment of turkey confinement houses apparently influence airborne myco£lora composition.
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2USDA Air sacculitis is a common reason for condemnation of turkeys at slaughter, and results in significant economic losses (Janni et al., 1985; Janni and Redig, 1986) . In January and February of 1986, 22 to 26% of all condemnations of Minnesota turkeys were attributed to air sacculitis (Janni and Redig, 1986) . Aspergillus sp., primarily Aspergillus fumigatus, have been repeatedly implicated in avian air sacculitis (Chute and Richard, 1991) .
The rate of condemnation due to air sacculitis in turkeys increases during the winter (Janni et al., 1985) . Winter weather 463 or management decisions made because of cold outdoor temperatures apparently increase predisposing factors for air sacculitis in the indoor environment. Increased airborne mycoflora numbers, airborne particulate mass, and ammonia in turkey confinement houses in winter when compared with summer may be related to reduced ventilation in efforts to save on fuel costs (Finello et aI., 1977; Janni et aI., 1985; Mulhausen et aI., 1987; DeBey et al., 1994) . Additionally, growth and sporulation of some fungi may be related to seasonal fluctuations in environmental factors indoors and outdoors (Southworth, 1974) . The first objective of this study was to ascertain the effect of indoor-outdoor environmental conditions on airborne mycoflora composition in turkey confinement buildings. The second objective was to investigate the relationship between numbers of feed-and litter-associated mycoflora and airborne Aspergillus content.
MATERIALS AND METHODS

Confinement BUildings
Ten turkev confinement houses at four locations in 'central Iowa were randomly scheduled to be sampled once during warm weather from June 10 to August 11, 1986 (summer) , and once during cold weather from February 23 to March 31, 1987 (winter) . Five houses in three locations had continuous wall curtains, and five houses in two locations had sliding doors for ventilation. Five air sampling stations, one in the center and one near each comer of the house, were designated in each building as described preViously (DeBey et aI., 1994) . Measurements were taken in one of the 10 buildings on a given day of the study beginning approximately 0800 h and ending at 1200 h.
Turkeys
All turkeys in this study were commercial broad-breasted white males under the same management program and were offered commercially available feed (NRC, 1984 ) from a single source. s The number of days the turkey flock had been present in the house on the day of sampling was recorded. Personnel assisting with the sample collection were instructed to move about slowly to avoid excessive bird actiVity.
Total Particle Mass, Airspeed, Particle Size, Ammonia, Csrbon Dioxide, Temperature, and Relative Humidity Total particle mass was measured in the center of each building by drawing air across a preweighed filter as described preViously (DeBey et aI., 1994) . Each air sample was collected at the average height of the turkeys' heads (approximately .6 m above the litter surface). Filters containing dust were transported to the laboratory and desiccated filters were weighed. Total dust mass per cubic meter of air (milligrams per cubic meter) was calculated.
Airspeed, particle size, ammonia, carbon dioxide, inside temperature, and inside relative humidity were measured at all five locations with the order of the stations selected at random as described previously (DeBey et aI., 1994) . The mean of the five values for each variable was used for statistical analysis.
Airspeed in meters per second was measured using a hand-held anemometer. 9 Dust particle size (micrometers) was measured with a Royco 218 portable particle counter.l O Particles in each of the following size ranges were enumerated: .5 to 1.0, 1.0 to 2.0,2.0 to 3.0,3.0 to 5.0, 5.0 to 10.0, and >10.0 m. The percentage carbon dioxide and parts per million (microliters per liter) of ammonia in the air were measured using an MSA pump and gas detector tubes. ll Temperature (Centigrade; dry bulb) and relative humidity (percentage) were measured with a battery operated psychrometer. 12 Outside temperature and relative humidity were recorded at the start and end 
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of the collection period, and the mean of the two readings was used for statistical analysis.
Quantification of Fungi and Bacteria
A composite (dry and moist) litter sample and composite feed sample from feeders were taken from each house on each sampling date. Ten grams of each sample were shaken in 90 mL of .01% polysorbate 80 in sterile distilled water for 1.5 h at 200 rpm and room temperature. Air samples were obtained from three randomly selected stations in each house. For enumeration of airborne fungi, 100 L of air was drawn through a sterile Millipore aerosol standard filter holder containing a 47-mm diameter, .8-~mean pore size filter (DeBey et aI., 1994) . Each filter was removed with a sterile forceps and shaken in 10 mL of .01% polysorbate 80 in sterile 13Difco Laboratories, Detroit, Ml 48231. distilled water as described for feed samples. Air sample suspensions were diluted 1:10 and feed or litter samples were diluted 1:10,1:100, and 1:1000. Three .5-mL aliquots of the original suspension and each dilution were plated on Sabouraud dextrose agar 13 as described previously (DeBey et aI., 1994) . All plates were incubated at 27 C, and colonies were counted at 48 and 72 h. Colonies per cubic meter of air or per gram of litter or feed were calculated and recorded. The genera of mold fungi recovered from two of the stations were enumerated and identified on Czapek, Christensen Malt Salt, and Sabouraud dextrose agar.
For enumeration of aerobic, rapidly growing bacteria, 10 L of air/min were drawn through an ali-glass impinger apparatus containing 30 mL of tryptose broth13 at each of the three selected air sampling stations. Triplicate blood agar (5% citrated bovine blood added)13 plates were inoculated with .1 mL broth per plate. The plates were incubated at 37 C and colonies were counted at 24 and 48 h. Bacterial Table 4 ). Recovery of increased numbers of mold fungi from feed or litter samples correlated with recovery of some fungal genera from air samples. When all data were combined, increased numbers of mold fungi in feed correlated with increased numbers of Penicillium, Mucor, and unidentifiable species in air, probably because of the strong correlation influence of winter samples (Table 3 ; r > .82; P < .0002). Increased numbers of mold fungi recovered from litter correlated with higher airborne numbers of Aspergillus sp., Scopulariopsis sp. and total airborne mold fungi in winter (Tables 3 and 4 ; r > .91; P < .02).
Winter Summer Genus colonies per cubic meter of air were calculated and recorded.
RESULTS
Statistiesl Analysis
The ANOVA partitioned the effects of season (summer vs winter), length of time the turkey flock had been in the building (in the house less than 100 d, or more than 100 d) and ventilation type (continuous curtain vs intermittent sliding doors) on environmental variables. The test statistic used was F (P < .05). The correlation coefficient, r, was used to measure relationships among the environmental variables and recovery rates of fungi.
Significant seasonal differences in environmental variables were observed. Carbon dioxide, airborne yeasts, total number of airborne particles, and airborne particulate mass (dust) were significantly increased, and indoor and outdoor temperature and indoor airspeed were significantly decreased in winter when compared with summer (Table 1) .
The composition of airborne mold flora was significantly altered in summer when compared with winter (Table 2) . Summer air contained significantly higher concentrations of Cladosporium, Fusarium, and AIternariJ2 sp. and significantly lower concentrations of Aspergillus, Scopulariopsis, and M~OT sp. than winter air (P < .05). Fusarium sp. were not isolated in winter.
Correlations were detected between airborne mold fungi and environmental variables. Correlations often reflected seasonal changes in airborne fungal numbers and environmental variables (Table 3) . When all Aspergillus sp. were combined, they comprised a significantly greater proportion of the airborne mold flora in winter than in summer (Table 2 ; P = .02).
Increased isolation of all Aspergillus sp. combined correlated with increased total numbers of airborne yeast and mold fungi, carbon dioxide concentration, airborne particulate mass, and isolation of Scopulariopsis sp. (r > .50; P < .03), and negatively correlated with indoor and outdoor relative humidity (r < -.49; P < .03). In summer, recovery of all Aspergillus No significant qualitative or quantitative differences in airborne mycoflora were attributable to house ventilation design (continuous curtain vs intermittent sliding doors) when all data were combined. Nevertheless, when data collected from houses ventilated with continuous curtains were separated from that collected in houses ventilated with intermittent sliding doors, different dynamics of interaction between environmental variables and airborne fungal flora were observed. In houses ventilated with continuous curtains, total numbers of viable airborne fungi per cubic meter were significantly greater in winter when compared with summer (winter = 14,973 per cubic meter; summer = 2,000 per cubic meter; P < .(02). However, in turkey houses ventilated with sliding doors, there was no significant seasonal difference in the concentration (winter =3,736 per cubic meter; summer = 4,887 per cubic meter).
Furthermore, in houses ventilated with continuous curtains, total airborne fungi correlated with airborne particulates (mass and number; r > .64; P < .05), but similar significant correlations were not detected in houses ventilated with sliding doors (Table 3) . Average indoor relative humidity of houses ventilated with intermittent sliding doors was higher, but not significantly different from that of houses ventilated with a continuous curtain (sliding door = 72.7%; curtain = 67.9%). Isolation of Aspergillus sp. correlated with isolation of Scopulariopsis sp. in both house designs analyzed separately (Table 4 ; r > .66; P < .04). In houses ventilated with continuous curtains, recovery of all Aspergillus sp. combined, as well as A. fumigatus alone, correlated with airborne particulate mass (r > .77; P < .003). In contrast, in samples from sliding door houses there was no correlation between airborne aspergilli and airborne particulate mass (Tables 3  and 4 ). In turkey houses ventilated with sliding doors, airborne Aspergilli correlated with airborne Penicillium sp., total airborne mold fungi, airborne bacteria, and ammonia concentration (r > .63; P < .05). Recovery of A. fumigatus, but not other Aspergillus sp., from the same air samples correlated with increased numbers of mold fungi in feed (r =.78; P =.02; Table 4 ). Similar correlations were not detected in samples from houses ventilated with continuous curtains. Carbon dioxide concentration was significantly elevated in curtained houses in which birds were present 100 d or more when compared with houses in which the flock resided less than 100 d (> 100 d =.24%; < 100 d =.14%; P =.002). On the other hand, carbon dioxide concentrations in houses ventilated with sliding doors were not affected by length of time birds were in the house (> 100 d =.15%; < 100 d =.18%).
The length of time the flock was present in the house affected airborne mycoflora. Airborne Mucor sp. were detected in houses where the turkey flock was present less than 100 d, but not when present more than 100 d. No other fungal genera were significantly affected by the length of time the turkey flock had been present (Table 5 ). 
DISCUSSION
Results of the study reported here indicate that environmental conditions such as ventilation rate and particulate matter in air may influence airborne Aspergillus numbers and mycoflora composition of turkey confinement buildings. Cladosporium, which frequently grows on vegetation (Southworth, 1974) , predominated in house air in summer. All of the houses were located within 100 m of com or soybean fields. Perhaps large numbers of airborne Cladosporium spores were brought into the house by air movement during ventilation in the summer.
House ventilation design was not a factor in airborne mycoflora composition. A previous study demonstrated that mortality rates were similar in both ventilation designs (OeBey et al., 1994) . However, the dynamics of interaction between airborne mycoflora and environmental variables was somewhat different within the houses. Apparently, differences in environmental variables from house-tohouse affected statistical calculations more than differences due to ventilation design.
Ventilation decreases particulate matter in air (Feddes et al., 1992) . Broiler house dust contains large numbers of Scapulariapsis, Penicillium, and Aspergillus sp. (Dennis and Gee, 1973) , and all of these fungi were isolated from the air of turkev confinement houses in the study reported here. Seasonal increases in airborne numbers of Scopulariapsis, Penicillium, and Aspergillus sp. in our study were associated with increased levels of airborne dust in the winter. However, only Aspergillus sp. numbers correlated significantly (P < .05) with increased airborne dust. Lentino et al. (1982) demonstrated that A. fumigatus and Aspergillus flavus were present in dust, and recommended swabbing of dusty surfaces as a method to evaluate environmental contamination by these species. Increased airborne Aspergillus sp. numbers accompanied by increased airborne dust may indicate a physical association of spores with some types of dust particles. Because most of the dust particles were respirable ($ 5~m diameter), dust may be a predispOSing factor for avian aspergillosis not only by increasing the mucociliary load, but also by carrying Aspergillus to respiratory organs. On the other hand, correlation between dust and Aspergillus sp. content may not reflect a direct relationship between the two variables, but merely a tendency for each to increase independently in response to lower humidity and ventilation rates in winter.
The negative correlation between relative humidity and airborne Aspergillus numbers may indicate that Aspergillus spores more readily discharge in dry air than in humid air. Enhanced liberation of spores in dry conditions is a characteristic of most Deuteromycetes (Southworth, 1974) . Saif (1974) reported a negative correlation between relative humidity and concentration of airborne spores. On the other hand, the absence of airborne Fusarium sp. from dry winter air may be due to the fact that Fusarium requires moist air for discharge of spores (Southworth, 1974) . Therefore, it may be possible for turkey producers to alter the number and composition of airborne fungal spores by adjusting the relative humidity in houses.
Increased airborne numbers of Aspergillus sp. in winter when compared to summer (Table 2) were likely associated with increased respiratory exposure to the organisms. In a recent study, approximately 9% of the tracheas, lungs, and air sacs obtained from 450 normal Leghorn hens contained A. fumigatus (Savalia, 1992) . Pinello et al. (1977) reported that the fungal species isolated from the respiratory tracts of turkeys were also isolated from the accompanying environment.
In this study, airborne Penicillium, Mucor, and unidentified species correlated with feed mold fungi numbers in winter, suggesting that these species may have originated at least in part from the feed. Feed was continually conveyed into the building and some was spilled onto damp areas of the floor by turkeys. Both dry and dampened feed would theoretically provide a significant source of mold fungi. On the other hand, increased numbers of Aspergillus and Scopulariopsis numbers correlated with increased numbers of mold fungi in litter, suggesting that these species arose from the litter, or that conditions that were favorable to increased numbers of mold fungi in litter or air were also favorable to growth or sporulation of these species.
There was no correlation between litter mold fungi numbers and time the birds were housed. Litter in turkey houses was built up and retained dunng the entire time that the birds were present, and then top-dressed and reused between flocks. Bacon (1986) demonstrated that fewer viable fungal elements persisted in builtup litter when compared to fresh litter. Additionally, he stated that an ammonia concentration in built-up litter corresponding to 10 to 25~L/L air inhibited spore germination. Ammonia concentrations in air in the study reported here were within the range described by Bacon (1986) .
Results of this study indicate that composition of airborne mycoflora in turkey confinement houses was significantly correlated with a number of environmental variables, which in tum were influenced by season or temperature. Management decisions aimed at control of indoor temperature may qualitatively and quantitatively alter airborne fungi.
